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Energetic ion driven Alfven eigenmodes (AEs) are 
observed in neutral beam injection (NBI) heated plasma 
of the Large Helical Device (LHD). It is important to 
clarify the configuration dependence of AEs because the 
existence and stability of AEs sensitively depend on the 
radial profiles of the rotational transform (t/21l=I/q) and 
the magnetic shear (s=pdq/dpq). In this analysis, these 
quantities are changed by the scanning of the magnetic 
axis position (R".), plasma beta (P.) and plasma current 
(lp). We present experimental results of AEs observed 
in LHD and clarify the mode structures through 
comparison to numerical results by global MHO mode 
analysis code for 3 dimensional plasmas, CAS3D3 [I]. 
We have studied the energetic ion driven AE in plasma 
obtained in the following three types of magnetic 
configuration: (i) R",=3.6 m with high magnetic shear, 
(ii) R",=3.5 m with moderate magnetic shear, and (iii) 
high 13 (>2%) of R",=3.6 m plasma with weak magnetic 
shear. In the case of (i), two toroidicity-induced AEs 
(TAEs) with m-2/n=I (m, n: poloidal and toroidal mode 
number) and m-3/n=2 are typically observed. In the 
case of (ii), a number of TAE with the n=2-5 are 
simultaneously observed. In the case of (iii), a number 
of bursting TAE are observed. That is, the number and 
intensity of observed TAEs depend on the magnetic shear. 
In order to identify the observed AEs, we have compared 
between the experimental data and the global mode 
analysis by CAS3D3. In the case of (i), the m-2/n=I 
TAE is core-localized TAE (C-TAE), of which 
eigenfunction localizes in the plasma core region with 
low magnetic shear, and the m-3/n=2 TAE is a global 
type of TAE characterized by radially extended 
eigenfunction. 
The ca\Culated shear Alfven spectrum of n=5 in the 
plasma of case (ii) is shown in Fig. I (a), where closed 
circles and eight open circles respectively denote the 
shear Alfven continua and the discrete eigenmodes 
obtained by CAS3D3 analysis. It should be noted that 
the toroidal mode coupling is ignored because the TAE 
gaps are mainly formed by the poloidal mode coupling. 
Two eigenmodes with the frequency of f=98 kHz and 
127 kHz among the above-mentioned eight modes are 
experimentally observed. These eigenfunctions are 
shown in Figs. I (b) and I (c). As seen from these 
figures, the eigenmode with / =98 kHz is a peculiar TAE 
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localized around the gap in the outer region, and that 
with /=127 kHz is core-localized ellipticity-induced 
AE (C-EAE). There is no difference in damping rate 
due to the Landau damping in both case o[(i) and (iI). 
We speculated that the TAE predicted by CAS3D3 
analysis, which weren't experimentally observed, 
would be damped by the continuum damping in the 
case of (i). In the case of (iii), the TAE gaps are well 
aligned from the plasma core to the edge with fairly 
large gap width because of low magnetic shear and 
large Shafranov shift. The CAS3D3 analysis has 
demonstrated that the eigenfunction of TAE is widely 
extended from the core to the edge, clearly exhibiting 
G-TAE character (Fig. 2). Accordingly, the G-TAE is 
strongly excited having bursting characteristics 
because of high energetic ion pressure and less impact 
of continuum damping. From these studies of AE in 
these three magnetic configurations, continuum 
damping plays a key role in stabilizing AEs in LHD. 
Therefore, TAEs are easily excited in high beta regime 
in the range of-2 % to - 3 % in LHD. 
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Fig.I. Ca) Calculated shear Alfveo spectrum of n = 5. 
Profile of Cb) G-TAE withf= 98 kHz and (e) C-EAE 
with/= 127 kHz. 
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Fig. 2. Radial profile ofn=2 G-TAE withf=18 kHz. 
Reference 
[I] C. NOhreoberg, Phys. Plasmas 6, 137 (1999). 
